DNA base composition, DNA-DNA homology and long-chain fatty acid studies were performed on Streptococcus thermophilus and Streptococcus saliuarius. These species possess similar mol % G + C values (about 37 to 41), long-chain fatty acid profiles and belong to a single DNA homology group. On the basis of the present and earlier studies it is proposed that Streptococcus thermophilus (Orla-Jensen) be reclassified as Streptococcus salivarius subsp. thermophilus comb. nov.
INTRODUCTION
The species Streptococcus thermophilus was described and named by during his studies on the bacteriology of lactic acid bacteria occurring in milk and dairy products. The taxonomic interrelationships of S. thermophilus have, however, always been controversial (see Jones, 1978) . Sherman (1 937) classified S. thermophilus in his 'viridans' division of the streptococci which encompassed S. bovis, S. equinus and S. salivarius. London & Kline (1973) , on the basis of FDP aldolase studies, grouped S . thermophilus with S. lactis and S. cremoris. The DNA-DNA homology studies of Ottogalli et al. (1979) however showed no close relationship between S. thermophilus and streptococci of serological group N. Indeed, DNA-rRNA hybridization studies Kilpper-Balzet al., 1982) have shown that S. thermophilus is unrelated to S. lactis and S. cremoris at the generic level, but indicate that it is related at the generic level to S. bouis, S. equinus and S. saliuarius. Furthermore, Kilpper-Balz et al. (1982) showed high DNA-DNA homology (about 75 to 97%) between four strains of S. thermophilus and S. salivarius. The recent numerical phenetic study of Bridge & Sneath (1983) however showed no such close relationship between these species. Indeed, in the latter study S. thermophilus and S. salicarius were recovered as two quite distinct phena.
In the present study, mol % G + C, DNA-DNA hybridization and long-chain fatty acid studies have been performed on a large number of S. thermophilus and S. saliuarius strains in an attempt to clarify their taxonomic interrelationships. Table 1 were obtained from the National Collection of Dairy Organisms (NCDO), Shinfield, Reading, UK.
METHODS

Strains. The test strains shown in
DNA preparation and base composition determination. Preparation of DNA followed a modification of the method of Garvie (1976). The DNA base composition was estimated by thermal denaturation in standard saline citrate as described by Garvie (19781, using DNA from Leuconostoc mesenteroides NCDO 768 and Escherichia coli K 12 NCDO 1984 as standards.
DNA-DNA hrbridizations. These were performed under optimum conditions using the membrane filter technique described previously (Garvie et al., 198 1) .
Analysisoffatfy acids. Strains were grown in YGPB (Garvie, 1978) at 30°C for 2 d. Broth cultures were checked for purity on blood agar plates before harvesting by centrifugation. Cells were washed with distilled water and freeze-dried. Dry cells (about 50 mg) were examined using the acid methanolysis and thin-layer chromatography (TLC) procedure described by Minnikin et al. (1975) 
R E S U L T S A N D D I S C U S S I O N
The mol % G + C contents of the test strains are shown in Table 1 . Streptococcus salivarius and S. therrnophilus strains possessed mol% G + C ranges of 39.5 to 41.0 and 37.2 to 39.8, respectively. These data are in good agreement with the previous reports of about 38 to 42 mol % G + C within these species (Deibel & Seeley, 1974; Kilpper-Balz et al., 1982) .
The results of DNA-DNA hybridization experiments are shown in Table 2 . Streptococcus salivarius and S. therrnophilus strains formed a single homology group, 61 to 100% related to the type strain of S. salivarius NCDO 1779, and 67 to 97% related to the type strain of S. therrnophilus NCDO 573 under optimum hybridization conditions. The type strains of the two species were approximately 70% related to each other ( Table 2 ). Strains of S. salivarius which lack the group K antigen were not significantly different from the group K-containing strains in their homology values with either label. The type strains of S. mitis, S . mutans, S. oralis, S. sanguis and ' S . milleri' exhibited < 43% homology to S . salivarius NCDO 1779 and < 51 % homology to S. thermophilus NCDO 573 (see Table 2 ). Kilpper-Balz et al. (1982) recently reported high DNA homology (about 75 to 97%) between two strains of S. salivarius and two strains of S. therrnophilus. The high degree of overall DNA base sequence similarity between S. salivarius and S . therrnophilus in the present study substantiates the findings of Kilpper-Balz et al. (1982) and indicates that these taxa represent a single genetical species.
Whole-organism methanolysates of the test strains showed the presence upon TLC of single spots corresponding to non-hydroxylated long-chain fatty acid methyl esters. The nonhydroxylated fatty acids were composed of predominantly straight-chain saturated and monounsaturated acids. Cyclopropane-ring acids were either absent, or present in only trace amounts (Table 3) . Streptococcus salivarius and S. thermophilus possessed similar fatty acid profiles with hexadecanoic (C16:o), octadecenoic (C18:l) and eicosenoic (C20:1) acids constituting the major components. It is worth noting that the presence of substantial levels of oleic acid (ClS:l, 09) in many of the strains were unexpected ( Table 3) . Members of the genus Streptococcus generally synthesize cis-vaccenic acid (CIgZ1, 07) Farrow et al., 1983; Teixeria et al., 1983) . Streptococcus mitis, S. oralis and S. sanguis differed from S. salivarius and S . thermophilus in lacking substantial levels (about 12 to 17%) of C20:l fatty acids (Table 3) . The presence of closely related fatty acid profiles within S. salivarius and S. therrnophilus further supports the close relatedness between these taxa as shown by DNA-DNA homology studies (Kilpper-Balz et al., 1982; Table 2 ). Although S. salivarius and S . thermophilus are physiologically and biochemically very distinct, and have in the past been considered to be well-defined species (see Jones, 1978; Bridge & Sneath, 1983) , the present work and the earlier study of Kilpper-Balz et al. (1982) show that they belong to a single DNA homology group. The apparently large number of phenetic differences between S. salivarius and S . thermophilus despite the high degree of overall DNA base sequence similarity is difficult to explain. It is possible that the two taxa share a large proportion of 'redundant' DNA or that the biochemical/physiological differences between the taxa may be due to their differing environments (i.e. phenetic divergence due to environmental pressure).
Taking 70 % homology under optimum hybridization conditions as the borderline for species differentiation, S. salivarius and S . thermophilus nevertheless represent a single genetical species.
It is not however suggested that S. salivarius and S . therrnophilus be reduced to synonymity. The separate identity of S. therrnophilus should be retained since it is phenetically quite distinct from S. salivarius. We therefore formally propose that S. therrnophilus (Orla-Jensen, 1919) be IP: 54.70.40.11
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